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Abstract
BACKGROUND
Previous studies that compared the postoperative health-related quality of life (HRQoL) outcomes after receiving laparoscopic resection (LR) or open resection (OR) in patients with colorectal cancer (CRC) have different conclusions.

AIM 
To explore the medium-term effect of postoperative HRQoL in such patients.

METHODS
This study randomized 567 patients undergoing non-metastatic CRC surgery managed by one surgeon to the LR or OR groups. HRQoL was assessed during the preoperative period and 3, 6, and 12 mo postoperative using a modified version of the 36-Item Short Form (SF-36) Health Survey questionnaire, emphasizing eight specific items.

RESULTS
This cohort randomly assigned 541 patients to receive LR (n = 296) or OR (n = 245) surgical procedures. More episodes of postoperative urinary tract infection (P < 0.001), wound infection (P < 0.001), and pneumonia (P = 0.048) were encountered in the OR group. The results demonstrated that the LR group subjectively gained mildly better general health (P = 0.045), moderately better physical activity (P = 0.006), and significantly better social function recovery (P = 0.0001) 3 mo postoperatively. Only the aspect of social function recovery was claimed at 6 mo, with a significant advantage in the LR group (P = 0.001). No clinical difference was found in HRQoL during the 12 mo.

CONCLUSION
Our results demonstrated that LR resulted in better outcomes, including intra-operative blood loss, surgery-related complications, course of recovery, and especially some health domains of HRQoL at least within 6 mo postoperatively. Patients should undergo LR if there is no contraindication.
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Core Tip: Previous randomized controlled trials that compare laparoscopic (LR) and open resection (OR) in colorectal cancer (CRC) management have led to different conclusions regarding the health-related quality of life (HRQoL). Our study analyzed the objective surgical outcomes and subjective HRQoL in 541 patients with non-metastatic CRC randomized to the LR (n = 296) or OR (n = 245) group operated by one surgeon. Better HRQoL was noticed in the LR group in general health, physical activity, and social function recovery with various degrees. These patients should consider LR to gain better HRQoL if not contraindicated because these two operative methods resulted in similar cancer-oriented outcomes and survival.

INTRODUCTION
Colonic resection under laparoscopy was first performed in 1991, and several randomized clinical trials that compare laparoscopic resection (LR) with open resection (OR) in patients with colorectal cancer (CRC) have been performed since then[1-3]. Initial studies revealed that LR patients gained similar clinical results, along with short-term advantages, such as lesser blood loss, reduced analgesic use, and a shorter hospital stay[4].
Health-related quality of life (HRQoL) is often overlooked, emphasizing more focus on survival and oncologic outcomes[5]. However, patients’ self-assessed outcomes must reveal the effects of their health status on their physical and psychological functioning[4]. Some studies revealed LR’s superiority regarding HRQoL in managing patients with colon cancer[2], but others demonstrated the opposite results. However, most studies focused on the longer-term effects (more than one year)[3,6]. Moreover, Li et al[7] revealed improved HRQoL 1 week after laparoscopic rectal cancer surgery but not after 1 year.
Our prospective study aims to assess the HRQoL effects within 1 year after non-metastatic CRC surgery by a single surgeon since previous studies that compare postoperative HRQoL outcomes of CRC after LR and OR have come to different conclusions and lack medium-term results (from 3 mo to 1 year)[2,6,8-12].

MATERIALS AND METHODS
Study design and patients
Dr. Chiu performed surgeries for 575 patients with CRC in two regional hospitals from January 2014 to October 2021 (Chi Mei Medical Center, Liouying, Tainan, and E-Da Cancer Hospital, Kaohsiung, Taiwan) (Figure 1). The guidelines of the National Comprehensive Cancer Network (NCCN) were followed. Our study included patients with non-metastatic colon or rectal cancer with no adjacent organ invasion. However, we excluded patients with colon polyposis conditions, repeated episodes of adhesion-related ileus, synchronous tumors, operative method conversion, emergent surgeries, denial of participation, loss of follow-up, refusal of subsequent postoperative management, or expiration not related to cancer within 1 year postoperatively. All patients must sign the informed consent form. This study was reviewed and accepted by the Institutional Review Board of both surgical hospitals.
Patients were divided into several groups based on different tumor locations. Patients were randomly assigned to perform LR or OR, as blindly selected by the surgeon using sealed envelopes preoperatively.

Preoperative staging evaluation 
The clinical stage of oncologic status was described according to the tumor node metastasis (TNM) system, as advocated by the American Joint Committee on Cancer. Physical examination, colonoscopy with biopsy, carcinoembryonic antigen serum level, and abdominal computed tomography were performed for each patient.

Surgical techniques
We followed the standard procedures of right or left-side hemicolectomy, sigmoid colectomy, or rectal resection by performing a standard medial-to-lateral way. High ligation of related vessels was routinely performed for all patients based on the non-touch technique concept. The rule of keeping the surgical safety margin at 5 cm for all patients with colon cancer was followed. Additionally, intestinal anastomosis was done extra-corporeally for proximal lesions. An immediate intra-corporeal intestinal anastomosis with circular stapling was performed via a trans-anal approach following left-side colon or rectum lesion resections. However, a protective diversional stoma would be considered if the anastomosis dehiscence is possible, mainly for high-risk patients with ultra-low rectal cancer. Further, a preoperative endoscopic tattoo would be requested for patients with a smaller or probably non-palpable intestinal lesion to mark the location for subsequent surgical resection 1 day later. An intra-operative endoscopy examination would be requested if we could not localize the lesion by vision or palpation under laparoscopy.

Postoperative follow-up and treatment
Follow-up examinations would be arranged according to the NCCN guidelines[13]. All patients were expected to visit the outpatient department every 3 mo for follow-up within the first postoperative year. All patients with stage III CRC would be arranged to receive intravenous or oral adjuvant chemotherapy. 

HRQoL assessment
HRQoL was assessed by professionally trained members in the outpatient department preoperatively and 3, 6, and 12 mo postoperatively using a modified version of the 36-Item Short Form (SF-36) Health Survey questionnaire. 
SF-36 included a multi-item scale and estimated eight health domains, including: (1) Physical activity limits related to health issues; (2) Social activity limits associated with physical or emotional issues; (3) Vitality (energy and fatigue); (4) General mental health (well-being and psychological distress); (5) Usual role activity limits caused by physical health issues; (6) Usual role activity hindered by emotional issues; (7) Physical pain, and (8) General health awareness[14]. The scores ranged from 0 to 100 in each domain, with higher scores revealing better HRQoL[3]. This study concentrated on HRQoL assessment via these self-reported domains.

Statistical analysis
Tables 1 and 2 show the baseline patient information. The difference between medians of continuous variables was investigated with the unpaired Student’s t-test. Categorical variables were compared by χ2 test with Yates’ correction. All P values were two-tailed, and those < 0.05 implied a significant statistical difference. The calculations were performed using the Statistical Package for the Social Sciences version 20.0 statistical package (IBM Co., Armonk, NY, United States).

RESULTS
Baseline patient characteristics
Figure 1 demonstrates our patient profile. At first, we sorted 575 patients with CRC managed by Dr. Chiu. Eight patients were excluded based on our study design (three received laparotomies several times with severe intestine adhesion noted at the beginning of the operation, three received emergent surgeries, one refused to participate study and one received conversion). We assessed 567 patients receiving curative resection, distributed as 307 LR, and 260 OR. Incidental peritoneal carcinomatosis was noticed in seven LR and six OR patients during the operation, and they were excluded. Additionally, nine patients in the OR group were excluded because two expired unrelated to cancer within 1 year postoperatively, and five patients with stage I and two with stage II did not show up at the outpatient department. Similarly, four patients in the LR group were excluded because one expired unrelated to cancer, and three with stage I lost contact. Finally, 296, and 245 patients in the LR and OR groups, respectively, were eligible, and compliant with subsequent follow-ups at the outpatient department. The median follow-up period was 69.4 mo.
Demographic and clinicopathologic variables of patients were well matched in both groups, with no statistical difference (Table 1). A slight disparity was found between the preoperative (clinical/radiologic) and postoperative (pathological) TNM stages in both groups. Moreover, nearly all patients with rectal cancer in both groups received preoperative concurrent chemoradiotherapy (CCRT) according to the guideline. Two and one patients in the LR and OR groups, respectively, received radical proctectomy directly due to partially obstructive symptoms. 

Objective surgical outcomes
Table 2 shows no significant statistical difference in the number of removed lymph nodes (15.2 ± 4.5 in LR and 16.3 ± 5.5 in OR, P = 0.067). None of the surgical specimen margins was involved with the tumor. However, we noted that patients could benefit from LR with a shorter hospitalization period (P < 0.001) and less blood loss (P < 0.001). On the contrary, the operation time was longer in the LR group than the OR group (182.1 ± 35.2 min vs 130.5 ± 21.3 min, P < 0.001).
More episodes of urinary tract infection (UTI) (P < 0.001), surgical wound infection (P < 0.001), and pneumonia (P = 0.048) were found in the OR group during the recovery course. No statistical difference was found regarding postoperative ileus (P = 0.273). Additionally, anastomosis leakage was complicated in 6 and 10 patients in the LR and OR groups, respectively, whose tumors were all located at lower rectum status postproctectomy without a protective diversional stoma. However, two and five patients in the LR and OR groups, respectively, needed re-operation for abscess drainage and stoma establishment for stool diversion. Others could recover after conservative treatment, and this complication did not reach a statistical difference (Table 2).
Moreover, any significant difference was not noticed in the complication rate of abdominal incisional hernia or ileus after a median follow-up period of 69.4 mo. Additionally, no patient in both group encountered these complications within the postoperative year (Table 2).
Regarding the oncologic outcome of tumor recurrence during the follow-up of 1 year postoperatively, only two patients with stage III in the OR group encountered tumor recurrence with peritoneal metastasis, which did not reach a statistical difference (p = 0.054) (Table 2).

Postoperative change of HRQoL
All follow-up patients were compliant in answering the questionnaires within 1 year. Table 3 demonstrates that the LR group subjectively gained mildly better general health (P = 0.045), moderately better physical activity (P = 0.006), and significantly better social function recovery (P = 0.0001) 3 mo postoperatively. We noted that the LR group only mentioned a significant advantage in social function recovery at 6 mo follow-up (p = 0.001). No clinical difference was found in HRQoL between both groups at 12 mo follow-up. 
Moreover, our results revealed that the LR group subjectively gained a better presentation of the Physical Component Summary (P = 0.021) and Mental Component Summary (P = 0.015) 3 mo postoperatively. Similarly, we noticed this phenomenon regarding the short form 6 dimensions (SF-6D) (P = 0.045).

DISCUSSION
[bookmark: _Hlk125177856]Over 1.8 million people were diagnosed with CRC worldwide, and >880000 related patients expired in 2018, accounting for approximately one-tenth of total cancer occurrence and mortality. CRC ranks third in cancer incidence but second in mortality[15]. Many elderly are found with CRC indicated for surgical intervention as the population ages. The laparoscopic approach for CRC resection has become the mainstay of surgery in the recent two decades. Clinicians gradually alerted this evidence-based fact through more and more results of extensive and well-conducted studies and reinforced by numerous meta-analysis data[16-17].
LR is related to better short-term outcomes, including decreased postoperative pain, morbidity, minor immune impairment, faster recovery, shorter hospital stay, and better cosmetics than OR[11]. Additionally, a secure oncologic dissection could be acquired under laparoscopy, and current trials proved that LR did not adversely influence the prognosis of cancer treatment[1]. All this evidence is expected to result in a highly improved postoperative HRQoL. Moreover, HRQoL assessments further contribute to improved treatment.
Traditionally, surgical care outcomes were merely assessed by mortality, morbidity, cancer-free, and overall survival rates. Recently, additional judgment criteria have emerged and been illuminated with significant concern. The success of each therapeutic strategy is carefully explored in the management or its effects on patients’ daily lives and well-being. For example, the uncontrolled case series suggested that patients undergoing LR experience a more rapid bowel function return[2].
Generally, applying some objective parameters to assess the postoperative outcome is crucial in defining a patient’s degree of health. However, subjective patient perceptions and expectations should be factored into objective assessment to determine their real HRQoL. Thus, assessing self-reported HRQoL in surgical patients is of paramount importance. Accordingly, HRQoL measures have helped forecast the mortality and cost of health care[3].
The modified SF-36 Health Survey questionnaire is a comprehensive health status assessment tool, including an evaluation of physical functioning, social functioning, vitality, mental health, role physical, role emotional, bodily pain, and general health recovery over a specific period. Most interviewed patients could easily understand and complete the questionnaire within 10 min. In 2003, one study revealed that the concepts embodied in the SF-36 measurement model could be feasibly applied in the translated version in Taiwan[18]. Most items related to the psychometric properties were satisfactory based on the criteria of the International Quality of Life Assessment project. The rate of missing data was approximately 0%-2.7% at the item level, which was favorably compared with the original Medical Outcomes Study results in the United States[19] and other Western countries[20]. Additionally, this multitrait scaling study supported the hypothesized scale structure of the SF-36 Taiwan version and indicated the use of standard scoring algorithms score the eight SF-36 scales. All patients visiting the outpatient department in our study were compliant in answering the questionnaire within a 1-year postoperative follow-up, except two patients who expired within this period.
[bookmark: _Hlk125178224]The surgery-related inconvenience of daily life and complications were actual events that significantly impacted the patients’ medium-term (from 3 to 12 mo after the operation) HRQoL, showing lower SF-36 scores in some domains. Table 3 shows that patients undergoing OR encountered peri-operative complications that mainly reflect burden in the social (P = 0.0001) and physical (P = 0.006) functioning items in their daily lives instead of facing significant general health deterioration (P = 0.045) 3 mo postoperatively. The reported higher HRQoL scores after LR at this period could be attributed to the essential benefit of minimally invasive surgery. Minimally invasive surgical approaches cause more minor wounds, lesser peri-operative blood loss, lesser inflammatory response, lesser postoperative pain, fewer respiratory complications, faster postoperative recovery, and enhanced postoperative mobilization[1-2]. LR could cause less surgical injury to the abdominal wall. Thus, the disparity in HRQoL is expected to be more evident within the first week postoperatively. However, these consequences may benefit patients’ well-being and report higher HRQoL scores in the medium-term period. The fascia is the most critical layer during abdomen wound healing because this tissue provides the most remarkable wound tensile strength. Patients might still feel discomfort during this period because the recovery of tensile strength could last over 70 days; even maximum strength exceeds 80%-90% of the intact fascia. However, only 15%-20% maximum strength is necessary for normal daily activities[21].
However, the decreasing negative effect of social functioning on patients undergoing OR had a mildly significant influence on the patients’ HRQoL as the inconvenience of daily life and complications improved 6 mo postoperatively (P = 0.001) (Table 3). 
HRQoL outcomes of 12 mo after LR for CRC were not superior to OR (Table 3). The absence of statistical difference between the two groups in the modified SF-36 scores associated with postoperative 12-month complications might be interfered with by our small-size patient cohort. Hence, a prospective study of more significant patient numbers is undoubtedly necessary to address this issue in the future.
Most complications encountered by our patients belonged to grade I and II levels according to the Clavien-Dindo classification. The concepts regarding UTI, ileus, and incisional hernia must be clarified because postoperative HRQoL is closely related to surgical complications.
A discrepancy exists in UTI incidence among various methods of interventions in surgical patients, with a significantly higher occurrence rate after colorectal surgery than others[22]. Kang et al[23] examined a nationwide inpatient sample database for patients with CRC undergoing surgery and revealed the elderly, female gender, open approach method, and some morbidities as risk factors. They concluded that pelvic dissection surgeries were prone to a significant risk of UTI, as we noticed all UTI cases in the groups receiving radical proctectomy and abdominal perineal resection in our study. We admitted that rectal-associated surgical intervention is an independent risk factor. Pelvic dissection leads to various degrees of regional inflammation and nerve injury, which might increase the risk of urinary retention after catheter removal, thereby limiting the trial of early catheter removal[24]. We try to remove the urinary catheters as soon as possible when patients can mobilize postoperatively although published studies do not indicate the exact timing of catheter removal. Our study revealed that LR was significantly beneficial to preventing the episodes of postoperative UTI, which might be related to minor tissue injury and pain because of its minimally invasive characteristics, thereby bringing patients the benefits of earlier mobilization and catheter removal.
Ileus is defined as the presence of a dilated loop of the small intestine on abdominal imaging with the clinical presentation of abdominal pain, distension, or vomiting. The most common complication of abdominal and pelvic surgery is postoperative adhesion caused by aberrant fibrous bands connecting the tissues or organs that should be separated, usually within the abdominal cavity. Approximately 65%-75% of episodes of acute ileus are the consequences of adhesions, mainly involving the small intestine. A study of over four years revealed that colorectal surgeries lead to approximately 30% risk of adhesion-associated complications in various surgical fields. Additionally, OR for colorectal surgery has been the most common cause of adhesion-relevant readmissions[25].
The onset of adhesive ileus after CRC incredibly differs after index surgery. Some specialists have revealed that the median time of its first episode was approximately 1.3 years[26], and others stated it should be 3 years[27]. The earliest time was > 1 year in our patients who encountered postoperative adhesive ileus, with a median time of approximately 2.7 years. However, LR should lead to a much lower possibility of postoperative adhesion formation. Adhesion formation is regarded as a consequence of a stepwise failure during the repair process of peritoneal tissue. Technically, we used microsurgical instruments for LR, which brings patients the benefits of less direct surgical trauma, meticulous hemostasis, and minimal blood loss. Moreover, constant irrigation, manipulation within a smaller operative field, avoidance of bowel exposure to the environment, and clean dissection might lower the adhesion formation rate, despite no statistical difference between our patients undergoing LR and OR.
[bookmark: _Hlk125219835]The incidence of incisional hernia ranges from 10% to 20% of patients receiving abdominal operations[28], which could influence patients’ HRQoL and body image. Factors predicting incisional hernia development after CRC surgery include dehiscence of the fascial layer, obesity, intestinal anastomosis leak, and surgical wound infection. A Denmark nationwide research studied 8489 patients with colon cancer receiving elective surgery with primary intestinal anastomosis from 2001 to 2008. It concluded that patients undergoing LR faced a relatively lower risk of this complication than those receiving OR approach[29]. However, our study revealed no significant statistical difference between the two groups.
One retrospective study, including 2983 patients undergoing OR, revealed that approximately 31.5% of incisional hernias occurred in the first 6 mo postoperatively, 54.4% in 12 mo, 74.8% in 2 years, and 88.9% in 5 years[30]. Winslow and Ng noticed that incisional hernia mainly developed in patients undergoing LR at the specimen extraction site[31-32]. Additionally, Ng et al[32] emphasized a similar incidence rate of incisional hernia at the midline extraction site in both the LR and OR groups. Moreover, no relationship was found between the incision wound length and hernia occurrence incidence. However, the burden of an incisional hernia caused by a large midline OR incision may be more severe than a small hernia at a limited specimen extraction site. The degree of challenge in hernia repair is positively related to the hernia size and is usually not amenable to minimally invasive repair techniques[31]. In our practice, we always tried to remove the specimen via the extraction wound as small as possible under a wound retractor’s protection.
The anastomotic leakage rate is not rare but challenging to surgeons (Clavien-Dindo classification Grade III). The decision of re-operative strategies is arduous and highly complex[33], which depends on the anastomosis location and the characteristics of the anastomotic dehiscence, e.g., the degree of tissue trauma during operation. Laparoscopy could provide a clear view of the pelvis, which is usually inaccessible to the naked eye during the process of OR, based on our experience. Additionally, precise dissection in a narrow male pelvis is comparatively easier to follow for the anatomic planes and completely secure hemostasis under the well-illuminated and magnified laparoscopic view. More importantly, we could reduce tissue trauma with less inadvertent handling by gently displacing the rectum and mesorectum from side to side during the LR procedure, which could lower the leakage rate. Fortunately, we successfully treated all patients after abscess drainage and stoma establishment for stool diversion. Additionally, no statistical difference was found in the complication between our LR and OR groups.
Some researchers studied the HRQoL after LR and OR but have miscellaneous conclusions. Several studies revealed no significant disparity in postoperative HRQoL[8-10], but others reported improved results in HRQoL after LR[2,6,11-12]. We have the following assumptions about this phenomenon. First, surgical techniques influenced the HRQoL, which might differ among the studies, especially with inconsistent surgeon volumes of multiple surgeons in the same survey. However, all patients in our study were treated by a single surgeon in two institutions, which could lower this bias. Second, HRQoL was not regarded as a chief outcome parameter in many studies, which probably resulted in an incompetent HRQoL analysis. Third, HRQoL might be interfered with various postoperative factors, although the baseline patient characteristics were identical at the initial preoperative evaluation. Fourth, different patients might experience other subsequent clinical courses even if they had the same pathologic TNM staging, which might affect the HRQoL. Finally, the clinical heterogeneity among various studies might be one important cause, mainly when we chose different HRQoL assessment instruments. Therefore, future ideal studies should be designed based on the standard guidelines with evidence-based consensus.
Our study on postoperative HRQoL evaluation has limitations. First, pelvic surgeries, especially rectal tumor excisions, lead to long-term and perilous consequences to male sexual function because of possible surgical trauma to the pelvic autonomic nerves[34]. However, this aspect is not included in the modified SF-36 Health Survey questionnaire. Thus, our study could not evaluate the effect on male sexual function after OR or LR. Second, two patients with stage III cancer were excluded because they expired within 6 mo after another radical surgery for cancer recurrence. Third, our study’s case number is small, and the latter two limitations may cause a bias. Therefore, more significant patient numbers in further research are necessary to certify our conclusion.

CONCLUSION
Few studies focused on the HRQoL of patients between 3 and 12 mo postoperatively, and our study discussed the LR approach with significantly better HRQoL than OR 3 mo postoperatively. Meanwhile, fewer detrimental factors (complication rates and blood loss) and similar oncologic results were found in the LR group than in the OR group. Thus, we suggest patients with non-metastatic CRC to undergo the LR approach if not contraindicated.

ARTICLE HIGHLIGHTS
Research background
[bookmark: _Hlk125220148]There are seldom studies about the medium-term effect on postoperative health-related quality of life (HRQoL)  in patients undergoing colorectal cancer (CRC) surgery.

Research motivation
This study aimed to evaluate the medium-term effect of postoperative HRQoL in patients undergoing surgical CRC.

Research objectives
This study analyzed the objective outcomes and subjective HRQoL in 541 patients with non-metastatic CRC operated by one surgeon. 

Research methods
This study randomized 541 patients undergoing surgery for non-metastatic CRC by one surgeon to the laparoscopic resection (LR)  (n = 296) or open resection (OR) (n = 245) groups. We used a modified version of the 36-Item Short Form (SF-36) Health Survey questionnaire to assess the HRQoL preoperatively and 3, 6, and 12 mo postoperatively.

Research results
The LR group reported better HRQoL in general health, physical activity, and social function recovery with various degrees and had lower complications of postoperative urinary tract infection, wound infection, and pneumonia than the OR group.

Research conclusions
Patients with CRC should consider LR to gain better HRQoL if not contraindicated.

Research perspectives
Seldom studies were conducted about the medium-term effect on postoperative HRQoL in patients undergoing surgery for CRC, and this study could provide vital information for reference.
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Figure 1 The flowchart of the study design.


Table 1 Comparison of baseline characteristics between patients receiving laparoscopic resection vs those undergoing open resection
	[bookmark: _Hlk125920049]Variables
	LR (n = 296)
	OR (n = 245)
	P value

	Gender
	
	
	0.412

	Male
	162
	135
	

	Female 
	134
	110
	

	Age (mean ± SD)
	67.2 ± 11.3
	70.1 ± 8.9
	0.19

	ASA class
	
	
	0.673

	I
	162
	129
	

	II
	111
	99
	

	III
	23
	17
	

	Pre-operative TNM stage 
	
	
	0.342

	0
	9
	5
	

	I
	93
	71
	

	II
	99
	80
	

	III
	95
	89
	

	Tumor location 
	
	
	0.452

	Cecum
	42
	31
	

	Ascending colon
	57
	45
	

	Transverse colon
	33
	25
	

	Descending colon
	51
	42
	

	Sigmoid colon
	71
	62
	

	Rectum
	42
	40
	

	Pre-surgery serum CEA level 
	
	
	1.021

	< 5 ng/mL
	51
	34
	

	≥ 5 ng/mL
	245
	211
	

	Pre-operative CCRT 
	40
	39
	0.391

	Intervention 
	
	
	0.729

	  Right hemicolectomy 
	93
	76
	

	Left hemicolectomy
	64
	45
	

	Transverse colectomy
	28
	22
	

	Sigmoid colectomy
	69
	60
	

	Proctectomy 
	39
	38
	

	Abdominal perineal resection
	3
	4
	

	Protective diversional stoma
	13
	15
	

	Post-operative TNM stage
	
	
	0.359

	0
	9
	5
	

	I
	92
	70
	

	II
	96
	79
	

	III
	99
	91
	

	Histopathology
	
	
	0.637

	Well differentiated
	112
	105
	

	Moderate differentiated
	122
	93
	

	Poorly differentiated
	62
	47
	


[bookmark: _Hlk125934978]ASA: American Society of Anesthesiologists; TNM: Tumor, Node and Metastasis; CEA: CarcinoEmbryonic Antigen; CCRT: Concurrent chemoradiotherapy; LR: Laparoscopic resection; OR: Open resection.


Table 2 Comparison of surgical outcomes between patients receiving laparoscopic resection vs those undergoing open resection
	Variables
	LR (n = 296)
	OR (n = 245)
	P value

	Lymph nodes removed
	15.2 ± 4.5
	16.3 ± 5.5
	0.067

	Hospitalization (days)
	11.3 ± 2.5
	17.6 ± 5.3
	< 0.001c

	Operation blood loss (mL)
	60.5 ± 21.2
	156.2 ± 30.4
	< 0.001c

	Operation time (min)
	182.1 ± 35.2
	130.5 ± 21.3
	< 0.001c

	Peri-operative complications
	
	
	

	Total
	26
	62
	

	Ileus (Grade II)
	8
	11
	0.273

	Urinary tract infection (Grade II)
	3
	14
	< 0.001c

	Wound infection (Grade I)  
	4
	15
	< 0.001c

	Pneumonia (Grade II)
	5
	12
	0.048a

	Anastomosis leakage (Grade IIIb)     
	6
	10
	0.14

	Abscess drainage, stoma diversion
	2
	5
	0.231

	Recurrence within 1 year
	0
	2
	0.054

	Long-term (> 1 year) complications
	
	
	

	Incisional hernia (Grade I)
	4
	7
	0.261

	Ileus (Grade II) 
	10
	14
	0.343


aP ≤ 0.05;
 cP ≤ 0.001.
Grading of complications is according to the criteria of “Clavien-Dindo classification”. LR: Laparoscopic resection; OR: Open resection.

Table 3 Comparison of Quality of life between patients receiving laparoscopic resection vs those undergoing open resection
	Health domains
	LR group
	OR group
	P value

	Physical functioning
	
	
	0.121

	Preoperative
	91.3 (20.5)
	92.7 (23.6)
	0.541

	3 months after surgery
	82.3 (18.0)
	65.6 (23.4)
	0.006b

	6 months after surgery
	86.3 (20.4)
	84.2 (22.5)
	0.399

	12 months after surgery
	88.3 (14.3)
	85.0 (23.0)
	0.081

	Social functioning
	
	
	0.113

	Preoperative
	88.9 (21.8)
	86.5 (18.3)
	0.213

	3 months after surgery
	86.5 (20.3)
	52.1 (22.0)
	0.0001d

	6 months after surgery
	87.0 (21.0)
	60.3 (19.0)
	0.001c

	12 months after surgery
	86.5 (18.3)
	83.3 (19.2)
	0.321

	Vitality   
	
	
	0.749

	Preoperative
	74.0 (18.5)
	74.2 (19.9)
	0.983

	3 months after surgery
	70.9 (14.3)
	70.6 (23.2)
	0.97

	6 months after surgery
	72.2 (14.1)
	70.3 (15.5)
	0.503

	12 months after surgery
	73.1 (13.8)
	72.8 (16.8)
	0.675

	Mental health
	
	
	0.553

	Preoperative
	75.6 (15.1)
	78.0 (22.1)
	0.631

	3 months after surgery
	84.5 (12.8)
	81.2 (18.7)
	0.724

	6 months after surgery
	84.2 (11.5)
	82.6 (14.3)
	0.621

	12 months after surgery
	81.6 (13.5)
	82.2 (17.1)
	0.827

	Role physical
	
	
	0.112

	Preoperative
	70.2 (32.1)
	68.3 (32.4)
	0.734

	3 months after surgery
	49.7 (33.2)
	45.1 (39.2)
	0.346

	6 months after surgery
	70.5 (28.6)
	65.6 (32.1)
	0.933

	12 months after surgery
	80.2 (32.4)
	77.3 (29.4)
	0.192

	Role emotional
	
	
	0.922

	Preoperative
	81.0 (32.5)
	79.1 (29.1)
	0.633

	3 months after surgery
	84.7 (32.4)
	81.3 (28.1)
	0.21

	6 months after surgery
	89.2 (24.3)
	86.8 (29.1)
	0.191

	12 months after surgery
	90.2 (22.1)
	87.6 (28.4)
	0.422

	Bodily pain
	
	
	0.315

	Preoperative
	52.1 (21.3)
	55.2 (29.1)
	0.937

	3 months after surgery
	59.3 (22.1)
	65.4 (29.6)
	0.432

	6 months after surgery
	63.2 (23.9)
	65.1 (22.6)
	0.341

	12 months after surgery
	66.2 (29.2)
	62.0 (21.5)
	0.653

	[bookmark: RANGE!A37]General health
	
	
	0.253

	Preoperative
	66.4 (22.7)
	62.8 (19.3)
	0.571

	3 months after surgery
	59.2 (23.1)
	49.7 (22.9)
	0.045a

	6 months after surgery
	70.2 (16.3)
	67.6 (23.2)
	0.31

	12 months after surgery
	68.7 (23.2)
	69.2 (28.1)
	0.449

	PCS
	
	
	0.812

	Preoperative
	71.0 (8.5)
	69.1 (10.1)
	0.423

	3 months after surgery
	54.7 (11.4)
	43.3 (13.1)
	0.021a

	6 months after surgery
	69.2 (7.3)
	67.8 (9.7)
	0.592

	12 months after surgery
	72.2 (12.1)
	70.6 (12.4)
	0.482

	MCS
	
	
	0.451

	Preoperative
	69.2 (11.2)
	68.4 (8.2)
	0.621

	3 months after surgery
	55.9 (12.8)
	49.4 (10.6)
	0.015a

	6 months after surgery
	65.2 (8.4)
	61.3 (12.6)
	0.414

	12 months after surgery
	71.2 (14.2)
	69.0 (10.3)
	0.543

	SF-6D 
	
	
	0.513

	Preoperative
	0.851 (0.142)
	0.812 (0.213)
	0.571

	3 months after surgery
	0.732 (0.121)
	0.617 (0.149)
	0.045a

	6 months after surgery
	0.781 (0.213)
	0.722 (0.192)
	0.320

	12 months after surgery
	0.807 (0.192)
	0.781 (0.122)
	0.495


[bookmark: _Hlk125935125]aP ≤ 0.05;
 bP ≤ 0.01;
 cP ≤ 0.001;
 dP ≤ 0.0001.
PCS: Physical component summary; MCS: Mental component summary; SF-6D: Short-form 6 dimension; LR: Laparoscopic resection; OR: Open resection.
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